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We present new preliminary results on inclusive jet production as a function of the jet trans-
verse momentum in pp collisions at /s = 1.96 TeV using data collected with the upgraded Collider
Detector at Fermilab in Run II, corresponding to an integrated luminosity of 0.98 fb~'. The mea-
surements are carried out in five different jet rapidity regions for jets with |y*°t| < 2.1 and transverse
momentum in the range 54 < pjTet < 700 GeV/c. Next-to-leading order perturbative QCD predic-

tions are in good agreement with the measured cross sections after the necessary non-perturbative

parton-to-hadron corrections are included.

I. INTRODUCTION

The measurement of the inclusive jet cross section as a function of the jet transverse momentum, pjTe'”, in pp
collisions at /s = 1.96 TeV constitutes a test of perturbative QCD (pQCD) [1] predictions over more than eight
orders of magnitude in cross section. The increased center-of-mass energy and integrated luminosity in Run II at the
Tevatron have allowed to measure the jet cross section for jets with transverse momentum up to about 700 GeV/c,
thus extending the pjTet range by more than 150 GeV/c compared to Run I. In particular, the CDF experiment
recently published results [2] on inclusive jet production using the kr algorithm [3, 4] for jets with pif‘t > 54 GeV/c
and rapidity [5] in the region 0.1 < |y3*t| < 0.7, which are well described by NLO pQCD predictions [6]. This letter
presents new measurements of the inclusive jet production cross section as a function of pjTet in five different jet rapidity

regions up to |y®| = 2.1, using the kr algorithm and based on 0.98 fb=! of CDF Run II data. The measurements

are corrected to the hadron level [7] and compared to pQCD NLO predictions.



II. JET RECONSTRUCTION

The kt algorithm is used to reconstruct jets in data and Monte Carlo simulated events (see below) from the energy
depositions in the calorimeter towers with transverse momentum above 0.1 GeV/c. First, all towers are considered as

protojets. The quantities

kr; = p’21“,i i ko) = min(p2T,i7p2T,j) 'ARiZ,j/Dza (1)

are computed for each protojet and pair of protojets respectively, where pr; denotes the transverse momentum of
the i*® protojet, AR;; is the distance (y — ¢ space) between each pair of protojets, and D is a parameter that
approximately controls the size of the jet. All kr; and kr ;) values are then collected into a single sorted list. In
this combined sorted list, if the smallest quantity is of the type kt, the corresponding protojet is promoted to be a
jet and removed from the list. Otherwise, if the smallest quantity is of the type kr (), the protojets are combined
into a single protojet by summing up their four-vector components. The procedure is iterated over protojets until the
list is empty. The jet transverse momentum, rapidity, and azimuthal angle are denoted as piﬁtc AL > yj(ffgL, and ﬁggL,
respectively. The same jet algorithm is applied to the final-state particles in the Monte Carlo event samples to search
for jets at the hadron level. In this case, no cut on the minimum transverse momentum of the particles is applied.

The resulting hadron-level jet variables are denoted as pJ{ftH AD> Vieap, and #1584 .

III. EVENT SELECTION

The measurements presented in this article correspond to a total integrated luminosity of 0.98 + 0.06 fb—! of data
collected by the CDF experiment in Run II. The CDF II detector is described in detail in [8]. Events were selected
online using three-level trigger paths, based on the measured energy deposits in the calorimeter towers, with several
different thresholds on the jet transverse energies and different prescales. In the first-level trigger, a single trigger
tower with transverse energy above 5 GeV or 10 GeV, depending on the trigger path, is required. In the second-
level trigger, a hardware-based clustering is carried out where calorimeter clusters are formed around the selected
trigger towers. The events are required to have at least one second-level trigger cluster with transverse energy above
a given threshold, which varies between 15 and 90 GeV for the different trigger paths. In the third-level trigger,

jets are reconstructed using the CDF Run I cone algorithm [9] and the events are required to have at least one jet



with transverse energy above 20 to 100 GeV depending on the trigger path. Jets are then searched for using the ky
algorithm with D = 0.7. For each trigger data sample, the threshold on the minimum pjTefC ar, is chosen in such a
way that the trigger selection is fully efficient and the corresponding prescale is taken into account. The following

selection criteria has been imposed:

e The events are selected to have at least one reconstructed primary vertex with z-position within 60 cm around

the nominal interaction point.

e Events are required to have at least one jet with rapidity in the region |y"§ZL| < 2.1 and corrected transverse

momentum (see below) above 54 GeV/c.

e In order to remove beam-related backgrounds and cosmics rays, the events are required to fulfill Br/v/XEr <
F(plTefng‘f jet) where Hr denotes the missing transverse energy [10] and LEr = ¥, i is the total transverse
energy of the event, as measured using calorimeter towers with EZ above 0.1 GeV. The threshold function
F(plq?f’gjff Jt) is defined as F(p'") = min(2 + 0.0125 x p/*, 7), where plq‘f?ng Jt is the uncorrected transverse
momentum of the leading jet (highest pjTec) and the units are GeV. This criterion is designed to preserve more

than 95% of the QCD events, as determined from Monte Carlo studies. A visual scan for pj{f’tc AL > 400 GeV/c

showed no remaining backgrounds.

Measurements are carried out in five different yiS4; regions: [yi4 | < 0.1, 0.1 < [y, | < 0.7, 0.7 < |y%%, | < 1.1,
1.1 < [y | < 1.6, and 1.6 < [yiSh | < 2.1, where the different boundaries are dictated by the layout of the
CDF calorimeter system. The measurements are limited to jets with |yJ£fAL| < 2.1 to avoid contributions from the

proton/antiproton remnants that would affect the measured pj{tc ar in the most forward region of the calorimeter.

IV. EFFECT OF MULTIPLE PP INTERACTIONS

The measured jet transverse momentum includes additional contributions from multiple proton-antiproton inter-

actions per bunch crossing at high instantaneous luminosity. The data used in this measurement were collected

at Tevatron instantaneous luminosities between 0.2 x 103lcm—2s~1 and 16.3 x 103tcm 251

with an average of

4.1 x103'em~2s7!, for which, in average, 1.5 inelastic proton-antiproton interactions per bunch crossing are expected.

At the highest instantaneous luminosities considered, an average of 5.9 interactions per bunch crossing are produced.
jet

This mainly affects the measured cross section at low p." where the contributions are sizeable. In CDF, multiple

interactions are identified via the presence of additional primary vertices reconstructed from charged particles. The



measured jet transverse momenta are corrected for this effect by removing a certain amount of transverse momentum,
€, for each additional primary vertex, as determined from the data by requiring that, after the correction is applied,
the ratio of cross sections at low and high instantaneous luminosities does not show any pjTet dependence. The study

is carried out separately in each ijeZL region, and the results are consistent with a common value e = 1.627070 GeV/c

across the whole rapidity range.

V. MONTE CARLO SIMULATION

Monte Carlo event samples are used to determine the response of the detector and the correction factors to the
hadron level. The generated samples are passed through a full CDF detector simulation (based on GEANT3 [11] where
the GFLASH [12] package is used to simulate the energy deposition in the calorimeters) and then reconstructed and
analyzed using the same analysis chain as in the data. Samples of simulated inclusive jet events have been generated
using PYTHIA 6.203 [13] and HERWIG 6.4 [14] Monte Carlo generators. CTEQSL [15] parton distribution functions are
used for the proton and antiproton. The PYTHIA samples have been created using a special tuned set of parameters,
denoted as PYTHIA-TUNE A [16], that includes enhanced contributions from initial-state gluon radiation and secondary
parton interactions between remnants. TUNE A was determined as a result of dedicated studies of the underlying event
using the CDF Run I data [17] and has been shown to properly describe the measured jet shapes in Run IT [18]. In the
case of PYTHIA, fragmentation into hadrons is carried out using the string model [19] as implemented in JETSET [20],

while HERWIG implements the cluster model [21].

VI. UNFOLDING

The measured piﬁfc ap, distributions in the different |yJSZL| regions are unfolded back to the hadron level using
Monte Carlo event samples. PYTHIA-TUNE A provides a reasonable description of the different jet and underlying
event quantities, and is used to determine the correction factors in the unfolding procedure. In order to avoid any bias
on the correction factors due to the particular PDF set used during the generation of the Monte Carlo samples, which
translates into slightly different simulated pjTe:”C A, distributions, PYTHIA-TUNE A is re-weighted until it accurately
follows each of the measured pjTefC ar, distributions.

The unfolding is carried out in two steps. First, an average correction is computed separately in each jet rapidity

region using matched pairs of jets at the calorimeter and hadron levels. The correlation < pJ{ffH AD — pifffc AL > VS



< pT .cAL > computed in bins of (pJTe’tH ADp T pjTe’tC AL)/2, is used to extract correction factors which are then applied
to the measured jets to obtain the corrected transverse momenta, pjTefCOR. In each jet rapidity region, a raw cross

section is defined as

d?o 1 Ng%R @)
t r t jet 2
pJTe CORdyJ Tz ApJTe COR AngAL

where N2 - denotes the number of jets in a given piﬁtCOR bin, Apiﬁ’tCOR is the size of the bin, Ay, denotes the
size of the considered region in ngZL, and £ is the integrated luminosity. Second, each measurement is corrected for
acceptance and smearing effects using a bin-by-bin unfolding procedure, which also accounts for the efficiency of the
selection criteria. The unfolding factors, defined as
jet
d*a/ de 1Ap9YHAD

U(pj’lgtCORa SZL) ; ) (3)
’ d?a/ de CORdyJé}ZL

are extracted from Monte Carlo event samples and applied to the measured pJ;EtCOR distributions to obtain the final
results. The factor U(p?f’,tcoR7 yJSZL) increases with p?f,tCOR and shows a moderate yj(?/KL—bin dependence. At very low
jet

PT,cor» the unfolding factor varies between 1.02 and 1.06 for different rapidity regions. For jets with pj{tCOR about

300 GeV/c, the factor varies between 1.1 and 1.2, and increases up to 1.3 - 1.4 at very high pil‘ffCOR.

VII. SYSTEMATIC UNCERTAINTIES

A detailed study of the systematic uncertainties on the measurements was carried out [2, 22]. The total systematic

uncertainty on the different measurements is dominated by the uncertainty on the absolute jet energy scale. The

Jet

measured jet energies were varied by +2% at low pll'ft to £3% at high pX". This introduces an uncertainty on the

jet d +6 Jet

measured cross sections which varies between £9% at low p” an 487 at high p". Other sources of systematic
uncertainty include: a £8% uncertainty on the jet energy resolution, the Monte Carlo simulation of the jet energy
response in partially instrumented regions of the calorimeter, the model for parton shower and hadronization employed
in the unfolding, a possible residual dependence on the pjjft spectra in the computed unfolding factors, and the quoted

uncertainty on e. Systematic uncertainties related to the selection criteria were found to contribute less than 2% to

the total systematic uncertainty. The uncertainty on the integrated luminosity is 5.8%.



VIII. RESULTS

The measured inclusive jets cross sections, (h)jft;gyjet, refer to hadron level jets, reconstructed using the kr algorithm
T
with D = 0.7, in the region quft > 54 GeV/c and |y*t| < 2.1. Figure 1 shows the measured cross sections as a function

of pjTet in five different [yi°t| regions compared to NLO pQCD predictions where, for presentation, each measurement
has been scaled by a given factor. The measured cross sections decrease by more than seven to eight orders of
magnitude as pi¢® increases. The NLO pQCD predictions are computed using JETRAD [6] with cTEQ6.1M PDFs [24]
and the renormalization and factorization scales (ug and pr) set to pg = max(pjTet) /2.

Different sources of uncertainty in the theoretical predictions were considered. The main contribution comes from

the uncertainty on the PDFs and was computed using the Hessian method [25]. At low pél'ft the uncertainty is about

+5% and approximately independent of yi®®. The uncertainty increases as pjTet and y¥®* increase. At very high piﬁt,

the uncertainty varies between T50%° and T13%% for jets with [yi'] < 0.1 and 1.6 < [y#| < 2.1, respectively, and
is dominated by the limited knowledge of the gluon PDF. An increase of ug and pp from pg to 2ug reduces the
theoretical predictions by 2% at low pjlft and 8% at high pjT“. Values significantly smaller than ug lead to unstable
NLO results and were not considered.

The theoretical predictions include a correction factor, Cygap (pjjgtayjet), that approximately accounts for non-
perturbative contributions from the underlying event and fragmentation into hadrons (see Figure 2). In each jet
rapidity region, Cyap was estimated, using PYTHIA-TUNE A, as the ratio between the nominal p?ftH Ap distribution and
the one obtained by turning off both the interactions between proton and antiproton remnants and the fragmentation
in the Monte Carlo samples. The correction decreases as p?l'ft increases and shows a moderate y/® dependence. At

low pjTet, Cuap varies between 1.18 and 1.13 as y’®t increases, and it becomes of the order of 1.02 at very high piﬁt.

The uncertainty on Cgap varies between 9% and 12% at low pj;f't and decreases down to about 1% at very high pjTet,

as determined from the difference between the parton-to-hadron correction factors obtained using HERWIG instead of

PYTHIA-TUNE A.
Figure 3 shows the ratios data/theory as a function of pjTet in the five different |yi**| regions. Good agreement is

observed in the whole range in pjTe‘c and y** between the measured cross sections and the theoretical predictions. In
particular, no significant deviation from the pQCD prediction is observed for central jets at high qu‘ft. In the most
forward region, the uncertainty on the theoretical prediction at high pjT'3t is larger than that on the measured cross
section, which indicates that the data presented in this letter will contribute to a better understanding of the gluon

PDF. In addition, Figure 3 shows the ratio of pQCD predictions using MRST2004 [26] and CTEQ6.1M PDF sets.



IX. SUMMARY AND CONCLUSIONS

In summary, we have presented preliminary results on inclusive jet production in pp collisions at /s = 1.96 TeV
using the kt algorithm, for jets with transverse momentum pjTet > 54 GeV/c and rapidity in the region |y°t| < 2.1,
based on 0.98 fb~! of CDF Run II data. The measured cross sections are in agreement with NLO pQCD predictions
after the necessary non-perturbative parton-to-hadron corrections are taken into account. The data presented in this

letter will contribute to a better understanding of the gluon PDF in the proton.
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FIG. 1: Measured inclusive jet cross sections (filled squares) as a function of pi* for jets with pis* > 54 GeV/c in different yi°t
regions compared to NLO pQCD predictions (open circles). The shaded band shows the total systematic uncertainty on the
measurement. A 5.8% uncertainty on the luminosity is not included. The dashed lines indicate the PDF uncertainty on the

theoretical predictions. For presentation, each measurement is scaled by a given factor.
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FIG. 3: Ratio Data/Theory as a function of pi* in different |y?*t| regions. The error bars (shaded band) show the total statistical
(systematic) uncertainty on the data. A 5.8% uncertainty on the luminosity is not included. The dashed lines indicate the
PDF uncertainty on the theoretical prediction. The dotted line presents the ratio of MRST2004 and CTEQ6.1M predictions.
The dotted-dashed line shows the ratio of predictions with 20 and po.



